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Abstract
The text gives a valuable information on quality assessment of civil engineering. Indicators of zero-defects and engineering 
process accuracy for impartial quality assessment are offered. The need is stressed to employ indicators structural safety. The 
calculation is performed on the basis of statistical data of operational control, actual geodetic location sketches, laboratory 
monitoring of material properties. It is investigated samples of multistory buildings of various structural systems made of precast 
panels, bricks and cast-in-place concrete. Data are given about results assessment for zero-defects parameters, accuracy and 
structural safety. Observed defects leads to significant increasing of failure probability of load-bearing structures and reduction of 
safe exploitation period for buildings.
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1. Introuction
It is known that accidents at civil buildings depend on human errors in 80% of all accidents [1,2]. The source of 
faults is an insufficient level of knowledge, lack of experience, inaccurate documents, violation of process discipline 
and negligence [3,4,5]. Bad mistakes at work execution can lead to critical defects affecting the possibility to use 
products for their designated purpose, their reliability and safety [5,6]. Error probabilities increase depending on the 
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complexity of work and if there is inaccurate process documentation (work execution plan, process chart flow-sheet, 
quality monitoring diagram, etc.). 
2. Analysis of the causes of accidents and defects
High performance characteristics of buildings and constructions mainly depend on bearing ability of footings and 
foundations. Unlike the aboveground constructions, the elements under consideration remain concealed and 
inaccessible to visual observations, fixing possible alterations and appraisal of changing material and construction 
properties [7,8,9].
According to official data 80% of projects under construction assume major and critical defects at erection of 
load-bearing structures reducing their strength and stiffness [9]. 15% of tested structures threaten the safety of  
construction operations.  Expenses for defects correction and renovation have reached 5% construction cost 
estimate, and expenses for premature reconstruction of residential buildings have reached 3%. Annual losses from 
defects in construction engineering are over 2 billion rubles (at 1984 values). According to current estimates about 
16% of construction costs are spent to eliminate design and constructional defects [10]. 
According to the official bulletin of Department State Construction Supervision the following average 
distribution of accident causes is observed [11]: 44% – defects in building and construction works; 24% – improper 
operation;  15% – low material quality; 5% – overload; 4% – errors in project decisions; 8% – other causes. Thus, 
about 60% of accidents are connected with the stage of construction: critical defects works and construction 
materials. Therefore, strengthening of technological discipline and all types of construction compliance monitoring 
and receiving inspection of materials and operational control in particular is a basic measure to reduce accidents in 
civil engineering.
The results obtained are proved by the frequency of defects at assembling of steel and reinforced concrete 
structures [12]: the number of defects, summarized by connections and multiple joints, is 56.5% for steel structures 
and  57.7% for reinforced concrete structures. One can see that over a half of the whole number of defects occurs in 
compounds of structures that are difficult to be controlled. Therefore, the design of constructible junctions and 
following the design principle of  V.G. Shukhov [13], which is the reduction of load transmission steps and the 
number of load-bearing elements and joints in a structural system of constructions,  is one of the methods for defect-
free construction engineering.
3. Calculation of the quality of work
For impartial assessment of performance quality indicators of zero defects and engineering process accuracy are 
determined [14]. The calculation is performed on the basis of statistical data of operational control, actual geodetic 
location sketches, laboratory monitoring of materials properties. 
The level of zero defects is calFXODWHGDVWKHSURSRUWLRQRIGLVWULEXWLRQRIUDQGRPYDOXHVRISDUDPHWHUɯZLWKLQ
tolerance interval [a, b]. At normal distribution law the level of zero defects is
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where qa, qb DUHWKHOHYHOVRIGHIHFWUDWHFDOFXODWHGE\ORZHUDDQGXSSHUEWROHUDQFHOLPLWɎLVWKHIXQFWLRQRI
standard normal distribution; x 6ɯDUHDYHUDJHYDOXHDQGVWDQGDUGGHYLDWLRQRISDUDPHWHUɯ
In terms of construction operations the accuracy factor of engineering process is calculated according to the 
formula:
 ,2 ,T v xK x t SD '  (2)
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where 'ɯLVDVWDQGDUGWROHUDQFHOLPLWWD, v is quantile of t-distribution, calculated as function of the level of the 
degree of freedom v=n –1 and level of confidence D; n – number of measurements.
Engineering process accuracy is ensured provided the accuracy factor is not less than one.  Otherwise engineering 
process accuracy is not ensured and process setting is required that is changing of operating techniques, 
technological equipment and modes. In addition the stability of a process is also important.
Coefficient of process stability in relation to random errors is
2 2
max min/ ,F S S (3)
where Smax, Smin are the maximum and minimum values of standard deviation for the specific period of 
accuracy control (at different levels of the building). 
Coefficient of process stability in relation to systematic errors is
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where xmax, xmin are the maximum and minimum average values of the parameter for the monitoring period; S1,
S2 are the corresponding standard deviations; n1, n2 is the number of measurements in the samples. 
The conclusion on the process stability is made by the comparison of coefficients (3) and (4) with the limit 
values, depending on the amount of sampling and level of confidence. At process instability by random errors it is 
necessary to reduce process variability by adjusting methods and modes of operation, qualification of executive 
officers and methods of control. At process instability by systematic errors it is necessary to reduce systematic errors 
by adjusting processing factors.
Engineering process stability factor in relation to random (systematic) errors:
( ) ( ) ( )/ ,s x s x s xK n N (5)
where ns(x) is the number of parameters that are constant in respect to random (systematic) errors; Ns(x) is the 
total number of parameters, checked for the stability by criteria (3) and (4).
4. Assessment of safety performance 
Apart from the considered process accuracy parameters it is necessary to analyze the quality of the processes in 
terms of product safety [15]. The most significant for building safety elements of structures and their parameters 
should be specified in design and process control documents.
One of the basic safety parameters for erected structures is load-bearing capacity
,k R F (6)
where R, F are the average values of bearing capacity for the group of uniform structures and generalized load. 
Safety performance by A.R. Rzhanitsyn [16] is calculated through the reserve coefficient k and strength 
variability VR and load VF:
  22 21 .F Rk V k VE    (7)
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At normal distribution law for bearing capacity the probability of failure-free operation of structures is 
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Coefficient of bearing capacity reduction with allowance for defects is
0 0 ,RK R R k k  (9)
where R0 is the average value of design load-bearing capacity; k0 is the average design limit of bearing capacity.
With allowance for (9) and (7) the parameter for structural safety with defects is 
  2 2 20 01 ( ) .R F R RK k V K k VE    (10)
Then we calculate the probability for failure-free operation of structures as a corresponding integral by density of 
standard distribution (8).
To compensate for the errors of design models it is necessary to use relative values of design safety:
reduction of probability for failure-free operation of a building structure
0 ;PK P P (11)
increase of failure (accident) probability
0(1 ) (1 );QK P P   (12)
reduction of  safety parameter
0 ,KE E E (13)
where Ɋ0Ɋ are design and real values of probability for failure-free operation; E0, E are design and real values of 
safety parameter.
Presentation of safety parameters in the form of relative values helps to use approximate engineering practices 
with regard to error cancellation of design model for calculation.  
To assess the reduction of safety level resulted from defects and errors parameter KQ is used, due to its relative 
value one can calculate other parameters. In the reference [17] coefficient KQ is considered from its dependence on 
structural design, number of levels erected, defects and errors made. For different structures and causes KQ is 
limited by the relative risk value KQ=32. As it is stated above real probability of an accident with regard to human 
faults 40 times increases theoretical probability by the European scientists’ estimate [1] and 8–70 times increases 
according to data on the Russian experience [18]. For civil buildings analyzed at the stage of their construction 
normal threshold of the increase of failure probability ɄQ is 1.5–7 as a result of construction errors [10], which is 
agreed to data of natural risk ɄQ = 2–10, assessed in the references [1, 5, 17].
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5. Results of study of the quality and safety 
We investigated the quality of construction in terms of above mentioned methods. Samples of 10 multi-storey 
buildings made of precast panels, bricks and cast-in-place concrete are analyzed. The results of assessment for zero 
defects parameters, accuracy and safety, averaged by the samples of buildings, as well as their assessed values are 
given in the table 1. 
Table 1. The results of assessment for zero defects parameters
Type of a building Ɋ .Ɍ KX KS KR KP KQ
Panel 0.62 0.59 0.65 0.62 0.863 0.984 11.65
Brick 0.64 0.72 0.73 0.69 0.946 0.993 18.49
Cast-in-place 0.75 0.90 0.62 0.58 1.020 0.990 7.66
Grade «valid» 0.97 1.00 0.75 0.75 0.96 0.998 2.00
Grade «invalid» 0.92 0.67 0.50 0.50 0.92 0.994 10.00
When calculating the reliability index of the driven piles the following initial data was used: the pile length –
4.5–16 m; the height and width of a pile cross-section – 25, 30, 35 cm; the type of soil – sandy and floury according; 
load on a pile – 15–185 t; the design probability of a pile failure – 0.95–0.995; the bearing ability margin index –
1.35–1.90; pile load variation – 0,05; soil resistance variation – 0,25. Computation results are given in table 2.
Table 2. The results calculating the reliability index of the driven piles
Type of defect Shift variation, 
%
Bearing ability 
reduction, KR
Failure probability 
index, KQ
Reduction in the depth of piling 10
20
0.92–0.96
0.84–0.93
1.35–1.67
1.80–2.90
Reduction in resistance under the lower part of 
a pile
20
40
0.87–0.96
0.74–0.91
1.50–2.66
2.24–7.51
Reduction in resistance on the side surface of 
a pile
20
40
0.84–0.93
0.68–0.86
1.80–2.90
2.99–10.56
The ultimate defects are the reduction in the piling depth by 20% and more; the reduction of soil resistance under 
the lower part of a pile or on its side surface by 40% and more.
The parameters are calculated according to the above-mentioned formulae. The quality of panel buildings 
assembling is characterized by the average level of zero defects 0.62. There are the following levels of zero defects 
by the types of operations: foundation engineering – 0.64; installation of wall panels – 0.77; installation of ceiling 
panels – 0.69; installation of elements of staircase – 0.49; device metallic bonds – 0.58; hermetic sealing of joints 
and seams – 0.25. Low value of accuracy coefficient of the processes proves frequent limit violation of the 
parameters [19]. The stability of parameters by shift in average and variation is insufficient in terms of storey and 
buildings. Parameter for the increase of failure probability of platform juncture KQ=11.65 exceeds accepted value 
which is 10. Thus, resource safe operation of buildings is reduced. 
At panel buildings erection hermetic sealing of joints is of a poor quality which leads to a great number of 
leakage and frost penetration of joints within the initial period of use. Defects in the form of mortar joints 
thickening, faulting of precast elements in platform joints, concrete strength reduction and partial embedment of 
keyway joints as well as other defects of steel ties lead to the increase of deformation capacity of junctions.  As a 
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result of reduction in rigidity of structural system there are deformations in shear strain of vertical joints with 
abnormal crack growth which is proved by the results of structural survey after 6–7 years of service [20, 21]. 
The average level of zero defects at erection of brick buildings is 0.64. The level of zero defects by the types of 
work is the following: foundation engineering – 0.60; brickwork of load-bearing walls – 0.68; reinforcement of 
brickwork – 0.48; installation of beams and floor slab – 0.60; installation of staircase – 0.64; device metallic bonds –
0.60. At brickwork one can see failure to meet design requirements for installation of reinforcement grid in walls 
[22]. All objects have thickening of the horizontal joints and partial infilling of vertical joints. The parameter for 
accident risks for load-bearing walls and columns KQ=18.49 significantly exceeds accepted value which is 
connected with violation of design requirements for masonry reinforcement.
The level of zero defects at erection of monolithic building is up to 0.75. The level of zero defect by the types of 
work is the following: monolithic foundation – 0.67; installation of monolithic walls and diaphragm plates – 0.63; 
installation of monolithic columns – 0.78; installation of monolithic floor slab – 0.67. Defects at erection of 
monolithic buildings are classified into four groups of defects: geometric characteristics of cross sections; concrete 
characteristics; reinforcement specification, spatial structural specifications [23]. According to calculations all types 
of defects don’t have significant effect on strain-stress state of constructions. The parameter for the increase of 
failure probability of load-bearing structures KQ=7.66 doesn’t exceed limit value, due to the increase of cross-
sections (at thrust of formwork) and real strength of  concrete design load-bearing capacity of structures KR=1.02 is 
provided.
6. Conclusions
Thus, minimal zero defect is peculiar to monolithic buildings construction which is connected with the absence of 
joints and junctures. A great number of defects at conjugation results in the fact that panel construction is 
characterized by the minimal level of quality due to the sampling survey. It is stated that most defects are peculiar to 
joints and seams and the least number of defects is peculiar to parameters of strength for materials used. Observed 
defects leads to significant increasing of failure probability of load-bearing structures and reduction of safe 
exploitation period for buildings.
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